Insulin resistance in obesity: a critical analysis at enzyme level. A review.
Based on the consideration that insulin does not act directly on metabolic processes but affects membrane carriers and key-enzymes that regulate metabolic pathways, determination of insulin responsiveness of the various key-enzymes is suggested as a very appropriate method for studying insulin resistance. Insulin resistance, as it occurs in obese or obese-diabetic humans and animals, is most often associated with hyperinsulinemia, and is characterized not only by increased activity of key-enzymes of pathways known to be stimulated by insulin (glycolysis, lipogenesis), with the possible exception of glycogen synthesis, but also by a trend towards increased activity of key-enzymes of 'catabolic pathways', normally depressed by insulin. In the adipose tissue there is a normal-to-enhanced basal lipolysis, which in man would result from the prevalence of the active over the inactive form of triacylglycerol lipase. In muscle, the increased amino-acid release that can be inferred from the elevated blood level of both alanine and branched-chain amino acids suggests an enhanced proteolysis. In liver, there is an elevation in the activity of the key gluconeogenic enzymes, which forms the basis of the augmented gluconeogenesis. In both muscle and liver, phosphorylase is also elevated with no change in glycogen synthase. Therefore, insulin resistance seems to consist of the failure of insulin to depress the key-enzymes of catabolic pathways. Possible resistance of glycogen synthetase, which might account for decreased glucose utilization in muscle, may be due to the opposing effects of the phosphorylation process on glycogen synthetase and phosphorylase, implying that activation of phosphorylase (which occurs in obesity) entails inhibition of the synthetase. The fact that insulin insensitivity concerns only the 'catabolic' but not most 'anabolic' pathways makes it unlikely that the unresponsiveness is due to a reduction in insulin receptors or increase in insulin degradation. Since resistance to insulin is shown by enzymes regulated by such different mechanisms as induction-repression (gluconeogenic enzymes), covalent modifications (lipase, phosphorylase), and changes in lysosome stability (lysosomal proteases responsible for proteolysis, a single basic mechanism for explaining insulin insensitivity cannot be envisaged at present.